Abstract. The article presents preliminary results of the research on the ablation casting technology. The guidelines for the designing of an equipment to carry out the process were described. Based on the above-mentioned instructions a test stand was developed and built. Many tests were performed concerning the influence of the water jet directed at a sand mould on its removal tendency. The effect of the cooling rate of a tested cast parts on its microstructure was studied based on metallographic and radiographic examinations.
Introduction
The technology of casting into sand moulds, which are intensively cooled with water during the process of solidification and the destruction of the sand mould after solidification, is called ablation casting. It is a technology that is relatively new and at present not used in Poland.
The process of ablation casting regards castings, mainly made of aluminium and magnesium alloys in expendable moulds. The process uses sand moulds with water-soluble binders. Liquid alloy is poured into a casting mould, and when it is still in the liquid state, from a certain distance, the mould is washed with jets of a cooling medium (e.g. water). The mould is destroyed successively, allowing direct contact between water and the surface of the casting, at the same time eliminating the air gap -which occurs practically in all other traditional methods of casting -which limits the flow of heat outside the casting. A large gradient of temperature in the cross-section of a casting facilitates the elimination of shrinkage porosity, especially in thick walled parts. Solidification occurs under the conditions of unprecedentedly high cooling rates, as a result of which, the resulted microstructure is very fine. According to data from the literature, mechanical properties of a casting are equal to or higher than the level of analogous characteristics obtained with the use of high pressure die casting [1] .
The technology of ablation casting is mainly predestined for manufacturing castings, with varying wall thickness and complicated geometry, in sand moulds, in which castings solidify relatively slowly, which results in an unfavourable grain growth. In order to improve mechanical properties by obtaining a fine-grain structure, ablation cooling of the casting mould is applied directly after pouring in liquid metal.
This method was patented by Alotech in 2006. The equipment for removing moulding sand with water jet known, among others, from publications [1] [2] [3] [4] [5] and the patent description [6] consists of horizontally sliding working table and a set of static spraying nozzles placed in a gate-like construction. A sand mould prepared to receive the liquid metal is placed on a belt conveyor outside the set of spraying nozzles. After pouring the mould with liquid metal, the mould is moved horizontally under the set of spraying nozzles where, under high pressure of water, the mould is destroyed and the casting is quickly cooled. The moulding sand is collected on the belt conveyor, water returns to a tank, and the washed and cooled casting is moved outside the set of spraying nozzles. The execution of the process of ablation casting with the use of the described equipment is shown in Figure 1 . 
The course of the research
In the Foundry Research Institute, initial works to modify the ablation casting technology were made. Basic concepts have been developed for the construction of an experimental stand for the destruction of the sand mould with water jets under high pressure, a experimental research stand was prepared, casting trials with the utilization of ablation, and examinations of the obtained aluminium castings were carried out. The process known from the literature and patents was significantly modified. The essence of the process (the destruction of the mould as a result of the water jets with simultaneous cooling of the casting) remained unchanged, whereas the solution for the idea was considerably modified. A scheme of a stand for the destruction of the sand mould and cooling the casting is presented in Figure 2 .
Fig. 2. A schematic view of the equipment for ablation casting
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Based on the general assumptions, the equipment for ablation removing of moulding sand and directional cooling of the casting was produced (Fig. 3) .
The equipment was created in cooperation with a private company, which was also its producer. The patent for the equipment for the destruction of the sand mould and controlled, directional cooling of the casting was filed to the Patent Office of the Republic of Poland and was assigned the number P.404518. a) b) Fig. 3 
. The equipment for ablation removing of sand mould and controlled cooling of the casting, a) general view, b) movable working table
The design of the equipment allows simultaneous circular and vertical motion that simultaneously is facilitating the destruction of the mould with water jets from nozzles and controlled directional cooling of the casting.
In order to validate the technology, casting experiments were performed using the prototype equipment. AlSi7Mg alloy was used and the tests were carried out under the following parameters:
Revolutions of the working table -20 rpm, − Vertical feed -30 cm/min, − Water pressure -12 MPa.
The shape of the casting is shown in Fig. 4 . It is a modified step trial casting with varying wall thicknesses. Apart from testing the removability of the mould, changes in the casting microstructure (sand casting vs. ablation casting) were examined.
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Fig. 4. The experimental casting
The obtained castings underwent X-ray examinations in order to detect structural discontinuities. The results are presented in Figure 5 . In the presented radiograph, porosity and shrinkage cavities are concentrated mainly in the gating system, and the remaining area does not have this type of defects.
The microstructure analysis was carried out on samples taken from sand castings (low cooling rate) and ablation castings (higher cooling rate). Exemplary microstructures are shown in Figure 6 .
Traditional technology Ablation casting
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. Microstructures of AlSi7Mg castings produced using the traditional technology and ablation casting in sand moulds (wall thickness of the castings 16 mm)
While analysing the images of microstructures, it should be noticed that there is a refinement of the grain and eutectics in ablation castings. This is also supported by SDAS (Second Dendritic Arm Space) measurements that are presented in Tables 1 and 2 . The measurements of Second Dendritic Arm Space were performed using Axiovision software by ZEISS on microphotographs with the magnification 100x. Metallographic specimens were etched in Mi1Al agent.
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Advances in Manufacturing Engineering The presented structures indicate the significant differences in the two samples. The part of the casting that solidifies the fastest (the lowest thickness of the wall) shows a fine microstructure that increased in the coarseness of grains with an increase in the wall thickness (lower cooling rate). The same conclusions can be drawn from the analysis of the SDAS measurements. The results have shown that the smallest SDAS was detected in the thinnest parts of the casting, which is a confirmation that it solidified first, followed by the thicker parts, and the solidification finished in the thickest part which constituted the riser. During correct solidification, nearly the whole volume of the shrinkage porosity should be localized in the riser. The radiographs (Fig. 5) confirm that was the case in the experiment. The above-mentioned results have proven the correctness of the assumed technological parameters (the speed and intensity of cooling of the casting).
Conclusion
The technology of ablation casting has gained interest mainly of the industry in North America, not only due to economic benefits, but also because it is environmentally friendly (among others because of the possibility to reclaim moulding sand, the lack of dust while removing the mould). Nowadays, Polish national foundries do not use this method of producing reliable castings, but fostering this process and implementing it in Polish foundries may significantly increase their competitiveness. The developed equipment, although effective in the conducted research, does not give an unequivocal proof that larger (thicker moulds) it will also turn out effective.
However, it should be stressed that the initial attempts proved the possibility to produce castings in sand moulds that are characterised by fine microstructure.
